: A DIB bio-pixel generates a current under illumination. a, Schematic of a droplet-interface-bilayer (DIB) pixel. A DIB is formed from a buffer-containing (white) and bR-containing (purple) droplet, each connected to an electrode. The ground electrode was inserted in the buffer droplet. A histogram illustrated the baseline noise centered about 0 pA. b, The bio-pixel was illuminated and a ~5 pA increase in the steady-state current was observed. c, Filtered (10 kHz low pass filter) current trace of a DIB bio-pixel without illumination. d, Filtered current trace of an illuminated DIB bio-pixel showed the bR-current waveform. Five different measurements of the each DIB are included in the histograms shown in (a) and (b), and Gaussian fits (black lines) are shown for each.
: The majority of bR protein inserts N-terminus first a, Schematic of the insertion of bR into a DIB. Proton movement in bR is from the C-terminal side to the N-terminal side. In H. salinarum, the C-terminus of bR is in the cytoplasm and protons are pumped out of the cell. b, Current trace of bR pumping activity during sequential light pulses. The recording electrode (trans) is in the droplet-containing bR (purple), while the ground electrode (cis) is in the buffer-containing droplet (white). A positive current was recorded, with the protons moving into the buffer droplet. The configuration of the electrodes was then reversed (white dashed line) and a negative current was generated upon illumination. This indicates that the C-terminus of the bR must be in the bR droplet and the N-terminus in the buffer droplet. a, Bare Ag/AgCl electrodes were placed in 1:1 hexadecane:silicone oil containing DPhPC in the Faraday cage. The current output was measured with and without LED illumination (560 nm) and the baseline remained at 0 pA, indicating that the illumination had no measureable effect on the electrodes. b, Single Buffer A droplets were placed on each electrode. Illumination was performed as in (a) and the baseline remained at 0 pA. c, The two droplets were brought into contact and a bilayer was formed. The baseline noise increased as a result. Illumination was performed as in (a) and the baseline remained at 0 pA. Five different datasets are plotted on the histograms shown in (a), (b) and (c), and Gaussian fits are shown for each. The results indicate that illumination has no measurable effect on the current output of a bio-pixel in the absence of bR. . c, Ionic current is generated only upon illumination (green bars). d, Gaussian fits of the OFF (red) and ON (black) steady-state currents from (c). A pixel is considered ON when the steady-state current is above the cut-off of 1 pA (vertical green line). e, bR droplets were patterned onto a 4x4 array of recording electrodes, while a single buffer droplet was suspended on a moving agarose-coated electrode. The moving droplet was guided through the array, forming a DIB pixel with each bR droplet in turn. f, Schematic of a 4x4 droplet array, with a 3x3 section illuminated from above. g, The fiber-coupled LED (560 nm) was held perpendicular to the array. h, Identification of the illuminated DIB pixels from steady-state current distributions. When the steady state current is above the 1 pA cut-off (white dashed line), the pixel is green; and when below the cutoff, it is grey. i, An image of the 4x4 light-activatable DIB array showing (1) the moving electrode and (2) a bR-containing droplet. The hydrogel was formed with the hollow cavities but without any bR-containing droplets. Upon illumination, no current was detected from any electrode. b, When bR-containing droplets were included, no current was detected in the dark. c, When bR-containing droplets were included and the device was illuminated all 16 bio-pixels detected the light.
Figure S10: Capacitance modulates the current-profile of bR in DIBs
Two examples of how the bR current profile was modulated by bilayer capacitance. A large bilayer area resulted in a high capacitance and a small bilayer area in a low capacitance. a, A capacitance of ~800 pF generated undershoot signals when the protein was turned ON (orange box) and OFF (red box). Observed as a transitional current not exceeding the steady state (orange box) or the baseline (red box) current. b, A capacitance of ~30 pF generated overshoot signals when the protein was turned ON (blue box) and OFF (purple box). Observed as a transitional current exceeding the steady state (blue box) and the baseline (purple box) current. No currents were detected above the 1 pA cut-off (red line). b, The whole Droplet-Hydrogel array was illuminated and a current waveform was detected in every bio-pixel. A green border and background was placed over each pixel where current is observed. c, The Droplet-Hydrogel array was illuminated through a photomask with a diagonal line. Current waveforms were detected in bio-pixels that correspond to the pattern of illumination. d, Current waveforms generated with a photomask of the letter O. e, Current waveforms generated with a large triangular photomask. f, Current waveforms generated with a small triangular photomask.
Figure S13: Detecting moving images with the Droplet-Hydrogel array
Current responses of the bio-pixels as Tetris-based shapes were manually moved down the face of the device. Each bio-pixel showed a current waveform when illuminated, apart from those that were blocked by the shapes. A black border surrounded each bio-pixel in which the current did not cross the 1 pA cut-off. The first Tetris shape was given a red background and the second shape a yellow background. Video S1: Detecting moving images with the droplet array.
Two Tetris-based shapes moving down the face of the droplet array one pixel at a time. When the bottom row was completed, both of the Tetris blocks were moved down together by one pixel. The visualiser displays a "colour block" and text overlay of the current (in pA) for each channel. The shapes were revealed by the currents in the active bio-pixels (green) in contrast to those in the inactive biopixels (grey).
